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Abslrael Positron annihilation lifetime (PAL) technique has been employed to study the microstructural changes of PTFH and PH due 
to iii.uliaimn at low doses ol neutrons (S .S O l)  x 1 0 “ Uy The si/c ol the free volume holes and Ihcir fraction in PH and PTFE were 
(leteimined fiom orlho-positroimim liletime component and its intensity in the measured lifetime spectra. The results show that this range ol 
nr.uliaijon causes siginficani changes in the lice \oluine hole si/es (V'/,) and the fiactional free volume (/•'/,), and thereby ol PH and PTFE  
miLiostrucUiie The lesulis can be evplained by the viewpoint that the n doses induce degradation, cross linking and crystallinity in PE and 
P'lf H chains
li has thus been shown that PAL can be an important mieroprobe to study the microstructure of the polymer in an atomic 
scale with an accuracy ot about 4 picomctci
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I. Introduction
Studies of the microslructure like free-volume properties at a 
molecular and atomic scale can provide a basic understanding 
ul the mechanical and physical properties of polymers ( I],
In PAL technique 1 2 |, one employs the positron cmilled 
Ironi a radioactive source as a prohe to monitor the lifetime 
ol (he positron and positronium (Ps) (a hound atom consists 
ol an electron and a positron) in the polymer material under
study.
The positrons and the positronium atoms entering the 
P(»lynier can be trapped in open spaces like holes, voids or 
cavities. The corresponding annihilation photons come from 
these open spaces. Positrons produced by the radioactive 
isotope of -“Na are commonly used. The Ps atom formed 
be in the singlet (p-Ps) or triplet stale (o-Ps), with mean 
liletime in free spaces of 0.125 ns and 140 ns, rc.spcctivcly.
in condensed medium, the mean lifetime of o>Ps is 
I'cduccd to a few nano.sccond [31 due to its interaction with
surrounding molecules of the medium. So the results for o- 
Ps lifetime and its probability arc related to frcc-volumc 
hole size (V/,), fractional free volume (F„) and distribution. 
The relation between the mean radius of frcc-volumc hole 
size and the o-Ps lifetime was found according to the 
scmi-empincal formula [4] :
To.p, =  0 . 5 | l - / ? M ,  +  0 l 5 9 s i n | ^ j
-1
n.y, ( 1 )
where /? = /?o + A/? is the electron layer thickness. The
free-volumc -  hole size (Vy,) is
(2)
The fractional free volume (the ratio of the free volume to 
the total Volume) was found according to fitted empirical 
formula as 15] :
/*/, — ^V/i/o-PjJ, (3)
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where A IS a constant, its value is between I and 2 for 
polymers, Vf, is the frce-volunic hole size and !o-vs is the 
inlcnsily o|
PAI. is widely used for investigating different aspects of 
polymer properties [6 - 1 1 |. Positron and positroniurn 
hletimcs in polymer materials may be affected by different 
factors such as change in degree of crystallinity [ 1 2 ], 
blending ()l polymer 113,141, plasticization of polymer [15- 
171, aging of polymer [18,19], temperature [20-25], 
irradiation of polymer (26-41 ]. The present paper is to study 
the eficct of n-irradialion on the microstructurc of PTFE 
and Pn, and to find a correlation between the irradiation 
dose and the changes in V), and F/, values.
2. Experimental details and data analysis
1'he investigated PTFE .samples of crystallinity o i'1 5 %  and 
Ph samples ol crystallinity of (75—85)% were irradiated in 
air at room tcmperaliirc by neutrons, using Am-Be neutron 
source. The samples were irradiated within the do.se range 
(5-501 )I0"“ Gy, with a dose rate of 19 x I0~^  Gy/h. The 
positron liictime measurements were performed using a fast* 
slow coincidence system (Figure 1 ), with a time resolution 
ol 340 ps (F'WHM). The positron source activity was
Figure I. Block diagram of the experimental set-up.
I2 /^Ci, the fraction of positrons absorbed in the source 
was found to be 8 %. The lifetime spectra were measured 
for each individual irradiation dose with a total integral of 
2 X 10^ ‘. The lifetime spectra were analyzed into three-lifetime 
components using PFPOSFIT program [42]. Tlie free volume 
hole size, and the fractional free volume were calculated 
m in g  ec|.s. I, 2 and 3, rc.spectively.
3* Results and discussion
The final analysis results for PTFE lifetime measurcmenis 
of the spectra recorded at different n-irradialion doses aic 
displayed in Table 1 .
Table 1. Lifelime parameters for PTFE us a function of n-dosc
G yx KH err 6 err
0 2423 82 5.748 0 022
22.S3 2772 98 5 913 0 021
36 38 2569 52 5.61232 0 Oil
5‘) 28 2489 89 5.4 0 01X
76.84 2470 44 5.999 0 01
108 79 2.501 87 5 44 0 016
154.39 2209 78 5 92 0 03‘>
201.21 2310 85 5.558 0 021
296.21 2260 88 5.647 0 04X
501 03 2351 84 5 6565 0 OIX
The free-volumc hole size and the fractional free voluim- 
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Figure 2. V/, for PTre as a function of n-dosc
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The Vf, and F,, values for unirradated PTFE samples 
were found to be 0.1383 nnv^  and 1.192%, re.spcctivcly. It 
is dear (hat Vf, and Fi, values increase with increasing 
n-dosc up to a total n-dose of 22.83 x 10 “ Gy,
An increment of 26.58% and 30.23% arc noticed in V,, 
and Fu values, respectively. This result suggests that n-dosc 
induces degradation of PTFFi chains, resulting in an increase 
of both the free-volume hole sizes and their number density. 
As shown in Figures 2 and 3, V/, and F,, values, dccijiease 
gradually with increasing do.se (above 22.83) upto a lotHBl n- 
do.se of 154,39 x 10“^  Gy, where their maximum incrciijicnls 
arc reduced to 10.93% and 8.3% respectively, at a j^ otal 
dose of 36.4 X  KH Gy, corresponding to percent reductions 
ol 12.36 and 16.83 in F;, and F/, values respectively, rel|live 
to their values at 22.8 x lO"- Gy. V/, and Fi, reach Slheir 
minimum values at 154.39 x 10  - Gy n-total dose, \vbcrc 
percent reductions ol' 15.52 and 12.9 respectively, arc noticed 
in V/, and Fff values, corresponding to percent reductions of 
33.3 and 33.14 respectively with respect to their maximum 
values (at 22.83 x I0 ~^  Gy dose).
These results indicate that the neutron dose above 
22 83 X 10  - Gy induces another process which is opposite 
to the degradation. I'his increases crystallinity in the 
amorphous regions of PTFF, resulting in reduction of 
degradation effect rale, thereby reducing both the inlcr- 
moleculai spaces, and their number density.
Increasing crystallinity in the amorphous sites reduces 
ihc frcc-volumc hole sizes, and their number density (the 
legions where Ps atoms form and annihilate). The reduction 
o( Vf, and Fi, is due to a combined effect ol free radicals 
(induced as a result of n-irradiation) and increasing 
crystallinity.
Above n-dosc of 154.39 x 10 -^ Gy, Vt, and Fn values 
begin to increa.se gradually with increasing n-dosc upto a 
Hnal total n-dosc of 501.03 x lO*- Gy, where their percent 
reductions arc reduced to 5.3 and 6 .8 , respectively. 
Corresponding to increments ol 1 2 . 1 % and 7.03%, 
re.spcctivcly with respect to their minimum values at 154.39 
X 10'2 Gy, indicating the predominance of degradation or 
the degradation rate is higher than the rale of increasing 
crystallinity, Ps formation and annihilation arc affected by 
chemical structure of polymer, crystallinity and quenching 
effect of free-radicals.
The positron and positronium lifetime spectra for 
unirradiaicd and n-irradiated PE samples were measured 
and analyzed using three lifetime components, Vy, and F,, 
were calculated. The results are displayed in Table 2. The 
tree volume hole size (V/,) and the fractional free volume Fy, 
were plotted as a fraction of n-dose in Figures 2 and 3 
respectively. The values of V/, and Ft, for unirradiaicd samples
arc 0.1213 nm^  and I.OI 1 %, respectively. The initial n-do.sc 
in induces a percentage reduction of 0.326 or 6.44/Gy in V'y, 
value and a percentage increment of 10.74 or 2 1 1 97/Gy in 
fUt value, indicating that n-dosc results in increasing of cross- 
linking oi PE and at the same time increasing, the number 
density ol intcrmolecular spaces available for Ps formation. 
As the n-dose increases above 5.06654 x 10 ' Gy, Vi, and 
Ay, values increase and reach their maximum values of 0.126 
for Vy, (at 22.8 Gy-do.se) and 1.1946% for F,, (at 13.85 Gy) 
corresponding to increments of 4.1% and 18.13% for Vy, 
and Ay, values icspeclivcly, suggesting the predominant of 
degradation of PE chains due to n-irradialion.
Tabic 2. Liletimc paiamclors for l*E a.s a lunchon of n-tlusv
G y x  10 - c*n It err
0 2254 50 5 S6 0.16
S 07 222S 4K 6 18 0 IS
I3.8.S 2258 68 6 56 0 0
22 2.^04 85 5 86 0 IS
36.39 2111 79 6.64 0 27
y )  28 2020 59 6 47 0.22
76 84 2186 72 S 83 0 24
i()8 79 2227 62 5 69 0 29
154 V) 2258 59 6 14 0 25
201 20 2192 65 5 78 0 26
296 21 2 2 M 69 5 40 0.28
501 0^ 2242 68 ^,87 0 .26
As (he n-•dose increases above 22.8 X  1 0 ’ Gy, uplo
total dose ol* 59.28 x 10 - Gy, V/, and F,, values decrease 
gradually with increasing n-dosc to reach thcii minimum 
values at 59.28 x !0  - Gy n-total dose. The n-lotal do.se 
(59.28 X  10 - Gy) induces percent reductions of 18.61 and 
5.31 in Vf, and Ft, values, rc.speclivcly, corrc.sponding to 
percentage reductions of 3 1 .39 /G y and 8 .9 6 /Gy, 
respectively.
'Hie corresponding percentage reduction relative to their 
maximum values arc 21.82 and 29.85, respectively.
The reduction in Vf, and Ft, values is due to an incrca.se 
of cross-linkmgs and crystallinity in the amorphous regions 
of PE, as a resultant effect of n-irradiation and the reaction 
of the reactive free radicals (induced as a result of n-dosc 
effect).
Ps formation and annihilation is strongly affected by 
many factors such as three dimensional polymer structure, 
chemical structure, crystallinity, and free radicals. Ncutrons- 
irradiation dose, produces free radicals in PE, as a results of 
interaction of fast neutrons and the capture of the ihcnnal 
neutrons resulting in different chemical reactions, such as^  
rccrystallization, creation of hydroperoxides, cross-linking, 
and degradation.
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The oxygen dissolved in PE may be bound forming 
hydroperoxides at the polymer chains in the amorphous 
regions, causing the reduction of (he amorphous regions, 
which is noticed as a decrease in <//, and F/, values. Above 
59.28 X I0"“ n-lotal dose, and Fy, values increase with 
increasing dose uplo n-total dose of 154 x 10'^  Gy, where 
percent increments of 23.26 and 16.92 is taken place in Vy, 
and Fy, values, respectively, relative to their minimum values, 
corresponding to an increase of 0.33% and 10.71%, 
respectively relative to their initial values.
Figure 4. Vy, for PE as a function of n-tlosc.
Figure 5. Fh% for PE ;u* a function of n-dose
These results suggest degradation as the predominant 
process. As the neutron dose increases above 154.28 x 
lO"- Gy, Vy, and Fy, values Hucluatc, then reach their final 
values of 0.12 and 1.05%, respectively, corresponding to a 
percentage reduction of 0.98 in V/, and a percentage 
increment of 4.5 in Fy,. Corresponding to percent increments 
of 21.66 and 10.35, respectively in Vy, and Fy, values, relative 
to their minimum values. The resultant reduction induced 
by the final n-dosc in Vy, value is 0 .195%/Gy and an 
increment of 0.895%/Gy in Fy, value. That implies that Ps 
lifetime is shortened but its intensity is increased.
Comparing the results of the n-irradiation effects on pp 
and PTFE microstructurc, the following remarks an  
concluded :
1. The percentage increment in the average value of
is 1.3 for the irradiation PTFE samples correspondmM 
to a percentage reduction of 3,73 in PE samples 
This result suggesting the predominant of degradation 
in PTFE chains, whereas cross-linking is tlu 
predominance process in PE due to n-irradiaiiun 
effects.
2. The percentage increment per Gray in the avciaec 
value of Vy, is 0.27 for PTre, corre.sponding to a 
percentage reduction of 0.744 in PE. That means the 
effect of n-irradiation in the average value of V,, (m 
PE samples is 2.76 times higher than that for P l i l 
samples.
3. The value of Fy, for the irradiated PTFE and P]^ , 
samples are 1.194% and 1.055%s rcspcctjvdv 
corresponding to percentage increment ol 0.146  ami 
4.336, respectively. That means the increment in ifu 
average value of Fy, for PE samples is 29.8 IwvUa 
than that for PTFTi.
4. The percentage increments in Fy, per Gray arc 0 02^  ^
and 0.865 for PTFE and PE, icspeciivcly.
4. Conclusion
The present results give an evidence, that PAL method can 
be sensitively employed as a microprohe to monitor the 
chemical microstructurc changes of the polymer under study 
Present work has studied the effects of n-irradiation, thcich> 
determining the specific dose to be used to enhance oi 
degrade a physical property of the studied polymer.
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